Introduction
============

Middle East respiratory syndrome coronavirus (MERS-CoV) is an emerging threat to global health security. This infection is caused by a zoonotic single-stranded, positive-sense RNA virus of the β-coronavirus family that causes epidemics or even pandemics with substantial morbidity and mortality.[@b1-ijgm-11-121],[@b2-ijgm-11-121] This emerging disease was first detected in September 2012 in a patient with fatal pneumonia in Jeddah, Saudi Arabia, a country where a large number of Muslims from all over the world gather to attend the Hajj pilgrimage (one of the largest Islamic rituals) each year.[@b2-ijgm-11-121],[@b3-ijgm-11-121] Following the initial case, some cases in Europe, Africa, South East Asia, the United States, and several Arabian countries were reported to be sporadic.

The majority of infected patients (85%) are from Saudi Arabia. World Health Organization (WHO) travel advisory has not issued travel and trade restrictions or screening in Saudi Arabia. However, the health ministry of Saudi Arabia recommends pilgrims over 65 years; those with chronic diseases, such as heart, kidney, and respiratory diseases, diabetes, and immune deficiency; pregnant women; and children under 12 years, who are planning to attend the Hajj, to postpone their visit.[@b4-ijgm-11-121],[@b5-ijgm-11-121]

The case fatality rate (CFR) of MERS-CoV differed but remained high[@b6-ijgm-11-121]: 36%,[@b7-ijgm-11-121],[@b8-ijgm-11-121] 40%, and 67%.[@b9-ijgm-11-121] Incubation period varied from 2 to 14 days.[@b2-ijgm-11-121],[@b10-ijgm-11-121]--[@b12-ijgm-11-121] As a result, WHO and the US Centers for Disease Control and Prevention have recommended that individuals who are returning from the Arabian peninsula and other affected countries should be monitored for MERS-CoV infection for at least 14 days.[@b7-ijgm-11-121]

Several studies indicate that health care staff, including physicians, nurses, and laboratory personnel, has a higher risk of contracting, developing, and transmitting this infection. For this reason, the health ministry of Saudi Arabia developed and implemented standard guidelines for the prevention, infection control, and rapid response to MERS-CoV outbreaks according to the WHO recommendations.[@b6-ijgm-11-121],[@b10-ijgm-11-121],[@b13-ijgm-11-121]

The transmission mechanisms of MERS-CoV are still unknown. However, previous studies suggest that human-to-human transmission through sneezing, coughing, contact with contaminated items, and consumption of raw camel milk may play a major role in the transmission of infection.[@b16-ijgm-11-121]

The risk factors of MERS-CoV are not fully understood, and a definite risk factor in the initial human-to-human or animal-to-human transmission has not been confirmed by epidemiological studies yet.[@b6-ijgm-11-121]

Globally, awareness of MERS-CoV is low. The disease has high intensity and lethality with unknown epidemiological factor and pattern. Every year, millions of Muslims travel to the epicenter (Saudi Arabia) of this infection to attend Hajj. Upon returning home, pilgrims hold ceremonies, which are attended by family and friends. Long-standing traditions of sharing and hospitality on such occasions increase the likelihood of MERS-CoV transmission to others. Therefore, unknown epidemiological patterns and the probable risk factors of MERS-CoV should be investigated to prevent its spread and devise effective interventions.

Methods
=======

Authorization from WHO and the ethical committee of Urmia University of Medical Sciences authorities was obtained. By census method, data related to laboratory-confirmed MERS-CoV cases between September 23, 2012, and November 11, 2016, were extracted from the Disease Outbreak News on MERS-CoV section of the WHO website. From September 23, 2012, to November 11, 2016, the occurrence of 1,879 laboratory-confirmed cases of MERS-CoV infection, including 659 deaths, was reported to WHO by the National IHR Focal Points of 27 countries in Europe, North Africa, the Middle East, the United States of America, and Asia. Due to the small number of cases in 2012 (n=9), to avoid random bias, we merged 2012 occurred cases with 2013. Details for 1,094 laboratory-confirmed cases of infection with MERS, including 421 related deaths, were recorded in the disease outbreak news section of the WHO website for this time. Extracted data comprised demographic information, such as age, gender, nationality; and country of origin; clinical data on the year of morbidity, day/month of the onset of symptom; day/month of admission to the hospital and ICU or negative pressure isolation room; potentially hazardous contacts, including background of contact with morbid cases at home or hospital and health care facilities 1--14 days prior to the onset of symptoms and background of direct or indirect contact with a camel; and consumption of raw camel products. Other probable risk factors included travel history, initial or secondary case, and comorbidity. The authors would like to confirm that all data of MERS-CoV cases retrieved on the WHO website were anonymous or de-identified.

Statistical analysis
--------------------

Statistical analysis was performed using SPSS version 20. Quantitative and qualitative measures were expressed as absolute frequencies and percentages. Logistic regression was used to assess the potential relationship between probable risk factors and the final outcome (dead/survived) of the laboratory-confirmed MERS-CoV cases. *P*-values \<0.05 were considered statistically significant, and for the model, a value of 0.1 was considered significant.

Results
=======

[Table 1](#t1-ijgm-11-121){ref-type="table"} shows the characteristics of laboratory-confirmed cases of infection with MERS. In this table, we see that the cases of the disease are increasing year by year, and all studied parameters related to the cases differ for the years under study (all *P*-values \<0.05).

[Table 2](#t2-ijgm-11-121){ref-type="table"} displays and compare the effects of various potential risk factors on the final outcome (dead/survived) of laboratory-confirmed MERS-CoV cases worldwide. This table shows that among the possible variables under consideration in this study, some factors such as nativity and travel history (*P*=0.011 and *P*=0.038, respectively) that are important in predicting the disease mortality have been identified. There was no significant difference between the two groups (dead/survived) of laboratory-confirmed MERS-CoV in aspects of other probable factors investigated in this study.

[Table 3](#t3-ijgm-11-121){ref-type="table"} presents that the effects of probable risk factors on the mortality of laboratory-confirmed MERS-CoV cases from 2013 to 2016, and it also shows that there are changes across the years for the factors investigated. Aggregate data show that odds ratio estimates in native morbid cases in comparison with non-native cases was 1.60 (95% CI: 1.12--2.27). This report stated that the chance of death due to MERS-CoV infection in native morbid case was 1.60 times higher than non-native cases. There were statistically significant differences between an infected individual who had travel history and in those who had not, for dying from MERS-CoV infection. The chance of death due to MERS-CoV infection in an individual who had travel history was 1.68 (95% CI: 1.04--2.73) times higher than those who had not.

Discussion
==========

The occurrence of a large number of MERS-CoV cases and its death related in the world indicates that this disease must be considered as a threat to public health. Results of the present study show the outbreaks of MERS-CoV infection in recent years. Because of the occurrence of a large number of MERS-CoV cases in the world and deaths related to it, this disease was considered as a threat to public health.[@b14-ijgm-11-121] Our results support the high fatality of this disease, and the CFR (38.5%) of MERS-CoV infection should be a major health concern at the global scale; thus, the characteristics of this disease and potential factors contributing to its fatality should be comprehensively studied to effectively know its health risk.

Evidence of person-to-person transmission (particularly during close contact) has already been emphasized in the study by Perlman and McCray.[@b15-ijgm-11-121] In our study, of 1,094 cases, 38.5% involved close contact with laboratory-confirmed cases of infection with MERS-CoV 14 days prior to the onset of symptoms. This finding highlights the notion that early cases have enormous potential for disseminating MERS-CoV among health care workers and other community members. Furthermore, WHO recommendations on surveillance and control should be practiced with great vigilance, and hospitals must utilize negative pressure isolation rooms for morbid cases of MERS-CoV.

The analysis of the global distribution status of MERS-CoV in the world suggests that outbreaks of this disease emanate primarily from Saudi Arabia and coincides with the largest annual mass gathering of Muslims from around the world in this country to perform Hajj and Umrah rituals.[@b2-ijgm-11-121],[@b14-ijgm-11-121]--[@b17-ijgm-11-121] In addition, the tradition of consuming raw camel milk is observed in Arab countries with high occurrence rates of MERS-CoV infection; several studies have also addressed this point.[@b16-ijgm-11-121],[@b17-ijgm-11-121]

As demonstrated in this study ([Table 1](#t1-ijgm-11-121){ref-type="table"}), the presentation of the disease from year to year has a significant difference, and all studied parameters related to the cases differ for the years under study (all *P*-values are \<0.05). These parameters include demographic factors, such as gender, mean age, nationality of the patients, and salient characteristics, and features related to the disease, i.e., travel history, background of contact with camel or camel milk 14 days prior to the onset of symptoms and contact with morbid case at home or hospital 14 days prior to the onset of symptoms, admission to a hospital, need for admission to a negative pressure isolation room or ICU, and the final outcome during or after occurrence (dead/survived). In [Table 1](#t1-ijgm-11-121){ref-type="table"} we also see that in all years, the proportion of males was higher than in females, more of them had the Saudi nationality, and more number of MERS-CoV cases occurred approximately at age near and up to 50 years. One of the reason for this is the people near and up to 50 years of age are at a greater risk of complications resulting from MERS-CoV or viral infections than other people in low and middle ages. On the other hand, men in comparison to women are likely to spend more time outdoors and therefore have a higher risk of exposure to a source of infection.

The comparison of characteristics of the cases and the effect of various potential risk factors on the final outcome (dead/survived) of laboratory-confirmed MERS-CoV cases in the world ([Table 2](#t2-ijgm-11-121){ref-type="table"}) reveal that two factors, namely, morbid case being native and travel history, are considered significant in a unifactorial analysis (*P*-values are \<0.05) and with the potential of bearing on the dynamics of the disease. As we follow the dynamics of the disease from 2013 to 2016 ([Table 3](#t3-ijgm-11-121){ref-type="table"}), these factors remain important. However, some interesting factors such as nativity and travel history that are significant in predicting mortality varied in different years. With attention to this fact, the majority of MERS-CoV cases that occurred outside of the middle east had travel history to countries in or near the Arabian peninsula within 14 days before symptom onset. Therefore, this can be an evidence for the human-to-human transmission of MERS-CoV infection. For nativity, there is a need for further studies on genetic features of the culprit virus.

Some limitations were recognized in our study. First, the design of the study was cross-sectional so that no causal inferences could be made. Further prospective studies are necessary to explain the effects of all potential risk factors investigated in this study for the outcome (dead/survived) in individuals with laboratory-confirmed MERS-CoV infection. Second, possible misclassification in the categorization of cases may be due to the respondents, declaration such as background of contact with morbid case at home or hospital 14 days prior to the onset of symptoms household, comorbidity, and background of contact with camel or camel milk 14 days prior to the onset of symptoms, which potentially may occur as a result of the measurement bias. Third, it should be mentioned that from 186 MERS-CoV cases occurred in Republic of South Korea, only details related to 57 cases were published in the disease outbreak news on the WHO website. This might introduce a negligible selection bias in the results.

Conclusion
==========

In summary, these findings point to interesting and potential dimensions of the dynamic evolution of this disease, and the need for further studies on genetic features of the culprit virus and the epidemiological parameters and risk factors of MERS-CoV mortality is also emphasized. Furthermore, effective national and international preparedness plans and actions are essential to prevent, control, and predict such viral outbreaks; improve patient management; and ensure global health security.
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###### 

Characteristics of laboratory-confirmed cases of MERS infection

  Year                                                                                                   2013          2014          2015          2016          Total         *P*-value
  ------------------------------------------------------------------------------------------------------ ------------- ------------- ------------- ------------- ------------- -----------
  Number of cases, n                                                                                     118           191           590           195           1094          
  Male                                                                                                   63.6          75.9          66.3          82.6          70.6          0.000
  Saudi nationality                                                                                      73.7          57.1          82.7          94.4          79.3          0.000
  Admission to hospital                                                                                  89.8          89.5          95.6          13.3          79.3          0.000
  Background of contact with morbid case at home or hospital 1--14 days prior to the onset of symptoms   45.8          26.2          37.1          50.3          38.5          0.000
  Background of contact with camel or camel milk 1--14 days prior to the onset of symptoms               11.0          18.3          12.4          68.7          23.3          0.000
  Need for admission to negative pressure isolation room or ICU                                          66.9          83.2          64.9          18.5          60.1          0.000
  Comorbidity                                                                                            6.8           18.8          53.2          39.0          39.7          0.000
  Morbid case is native                                                                                  98.3          85.9          81.7          79.5          83.8          0.000
  Mean age, years (SD)                                                                                   52.0 (19.5)   49.4 (18.2)   53.6 (17.9)   54.5 (16.8)   52.9 (18.0)   0.016
  Travel history                                                                                         7.6           12.0          5.4           4.1           6.6           0.005
  Secondary case                                                                                         33.9          24.1          36.9          28.2          32.8          0.004
  Final outcome during or after occurrence (dead)                                                        60.2          48.7          31.5          36.4          38.5          0.000

**Note:** Data presented as percentage, unless otherwise stated.

**Abbreviation:** MERS, Middle East respiratory syndrome.

###### 

Characteristics of the cases and the effect of various potential risk factors on the final outcome (dead/survived) of laboratory-confirmed MERS-CoV worldwide

  Variables                                                                                              Dead          Survived      *P*-value
  ------------------------------------------------------------------------------------------------------ ------------- ------------- -----------
  Number, n                                                                                              421           673           --
  Male                                                                                                   73.4          68.8          0.104
  Saudi nationality                                                                                      77.4          80.5          0.218
  Admission to hospital                                                                                  80.0          78.8          0.607
  Background of contact with morbid case at home or hospital 1--14 days prior to the onset of symptoms   38.5          38.5          1.000
  Background of contact with camel or camel milk 1--14 days prior to the onset of symptoms               24.9          22.3          0.313
  Need for admission to negative pressure isolation room or ICU                                          58.4          61.1          0.386
  Comorbidity                                                                                            36.1          41.9          0.057
  Morbid case is native                                                                                  87.4          81.6          0.011
  Mean age, years (SD)                                                                                   54.0 (18.8)   52.2 (17.4)   0.113
  Travel history                                                                                         8.6           5.3           0.038
  Secondary case                                                                                         32.3          33.1          0.776

**Note:** Data presented as percentage, unless otherwise stated.

**Abbreviation:** MERS-CoV, Middle East respiratory syndrome coronavirus.

###### 

Effects of probable risk factors on the mortality of laboratory-confirmed MERS-CoV cases from 2013 to 2016

  Variables                                                                                                                                                              *P*-value   Odds ratio   95% CI for odds ratio   
  --------------------------------------------------------------- ------------------------------------------------------------------------------------------------------ ----------- ------------ ----------------------- -------
  Total                                                                                                                                                                                                                   
                                                                  Native morbid case                                                                                     0.008       1.601        1.128                   2.272
  2013                                                            Travel history                                                                                         0.034       1.688        1.041                   2.738
  2014                                                            Admission to hospital                                                                                  0.023       3.428        1.184                   9.925
  Age                                                             0.053                                                                                                  0.984       0.969        1.000                   
  2015                                                            Background of contact with morbid case at home or hospital 1--14 days prior to the onset of symptoms   0.018       2.861        1.194                   6.860
  Need for admission to negative pressure isolation room or ICU   0.004                                                                                                  0.577       0.399        0.835                   
  Age                                                             0.001                                                                                                  1.018       1.007        1.028                   
  Travel history                                                  0.077                                                                                                  1.956       0.929        4.116                   
  Secondary case                                                  0.039                                                                                                  0.396       0.164        0.954                   
  2016                                                            Admission to hospital                                                                                  0.011       0.212        0.064                   0.703
  Need for admission to negative pressure isolation room or ICU   0.007                                                                                                  3.186       1.371        7.405                   
  Native morbid case                                              0.065                                                                                                  2.224       0.952        5.194                   
  Travel history                                                  0.081                                                                                                  3.854       0.845        17.574                  

**Abbreviation:** MERS-CoV, Middle East respiratory syndrome coronavirus.
